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This  report  presents  results  of  Phase  II  testing  of  a 30-mm  steel  cartridge 
case.  The  steel  case  was  designed  for  consideration  as  an  alternate  to  the 
standard  aluminum  30-mm  case  because  of  the  anticipated  Increase  in  pro- 
jectile velocity  and  decrease  in  cost  per  case.  This  test  was  planned  to 
demonstrate  performance  of  the  Phase  II  case  design  which  was  necessi- 
tated because  of  case  failures  in  Phase  I testing  (ADTC-TR-76-1 1).  Case 
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into  an  investigation  of  different  case  designs.  A total  t JOS  steel  case 
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case  tested  had  a lacquer  finish  and  weighed  0.  51  pound,  f orty-two  of 
these  rounds  (21  at  ambient  temperature,  7 conditioned  to  -65  °F,  and 
14  conditioned  to  160°F)  were  fired  without  failures. 
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PREFACE 


This  test  conducted  in  response  to  ADTC  Air  Force  Armament 
Laboratory  (AFATL/DLDG)  letter,  "Test  Request  for  an  Evaluation  of 
a 30-mm  GAU-8  Thin  Wall  Steel  Cartridge  Case,  " 13  July  1976.  Testing 
began  10  November  1976  and  was  completed  3 November  1978.  Amron 
Corporation  manufactured  all  of  the  steel  cases  for  this  test  effort. 

ADTC  personnel  responsible  for  testing  and  report  preparation 
were: 


Test  Engineer  Gregory  D.  Miller,  1st  Lt,  USAF 

Test  Design  Engineer  James  C.  Griffin 

Test  Requester/Program  Alvin  T.  Cox 
Manager 
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SECTION  I 3 

INTRODUCTION 

The  30-mm  thin  wall  steel  cartridge  case  was  designed  for  consid-  j 

eration  as  an  alternate  to  the  standard  aluminum  case  for  the  GAU-8  gun 
system  for  two  reasons.  The  thinner  walls  of  the  steel  case  versus  the  j 

aluminum  case  would  increase  the  internal  volume  of  the  cartridge, 

allowing  an  increase  in  propellant  and  an  anticipated  resultant  increase  < 

in  projectile  velocity.  In  addition,  a case  cost  reduction  was  anticipated.  j 

Previous  testing1  exposed  deficiencies  in  the  initial  case  design, 
including  splitting  or  stretching,  which  could  result  in  breakage  of  the 
gun  system.  These  deficiencies  resulted  in  suspension  of  the  test. 

Additional  testing  was  requested  and  initiated  to  investigate  different 
case  designs. 

This  report  documents  the  investigative  testing  conducted  on  several 
iterations  of  redesigned  steel  cases.  Various  case  parameters  were 
changed  including  outer  finish  coats  and  case  wall  thickness  and  taper. 

Specific  objectives  were: 

1.  Demonstrate  gun  system  cycling  with  steel  case  rounds. 

2.  Demonstrate  the  capability  of  steel  case  rounds  to  be  fired 
in,  extracted  from,  and  rechambered  in  hot  barrels. 

3.  Demonstrate  the  capability  of  steel  case  rounds  to  be  fed, 
fired,  and  extracted  in  automatic  burst  fire  at  ambient  temperature. 


1 Refer  to  ADTC-TR-76-1 1 , Evaluation  of  a 30-mm  Thin  Wall  Steel 
Cartridge  Case , February  1976,  Unclassified.  Testing  reported  in 
ADTC-TR-76-1 1 is  also  referred  to  as  Phase  I testing.  Testing 
reflected  in  this  report  is  identified  as  Phase  II. 


4.  Demonstrate  the  capability  of  steel  case  rounds  to  be  fed, 
fired,  and  extracted  in  automatic  burst  fire  when  subjected  to  hot  (160  °F), 
cold  (-65°F),  and  humidity  conditioning. 

Objectives  1,  2,  and  3 were  accomplished.  The  hot  and  cold  condi- 
tioning of  Objective  4 was  accomplished,  but  the  humidity  conditioning 
was  deleted  by  the  requesting  agency. 

To  facilitate  reporting  of  test  results  (Section  V),  the  various  con- 
figurations of  steel  cases  involved  in  the  overall  test  were  grouped. 

Groups  A through  N pertain  to  those  test  items  (736  rounds)  fired  during 
investigations  prior  to  the  last  group.  The  last  group,  Group  O (305 
rounds),  pertains  to  the  last  case  configurations  tested. 
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SECTION  II 


DESCRIPTION 


GENERAL 

The  steel  cartridge  cases  provided  for  this  test  had  various  con- 
figurations. A tabular  summary  of  the  case  configurations  tested  is 
contained  in  Section  V.  A more  detailed  description  of  each  configuration 
is  contained  in  AFATL-TR-77-53,  30-MM  GAU-8  Thin  Wall  Steel  Car- 
tridge Case,  Unclassified,  April  1977,  ADA053298;  and  AFATL-TR-78- 
1 38,  30-MM  GAU-8  Thin  Wall  Steel  Cartridge  Case,  Unclassified,  19 
December  1978. 

The  final  steel  cases  tested  weighed  approximately  0.51  pound,  as 
compared  to  0.32  pound  for  the  standard  aluminum  case.  The  internal 
volume  of  the  steel  case  was  approximately  14  percent  greater  than  the 
standard  aluminum  case  (steel  - 10.41,  aluminum  - 9 . 1 3 cubic  inches) . 


SURFACE  FINISH 

Two  principal  surface  finishes  were  employed  throughout  the  test. 
A Mader  lacquer  was  one  finish  for  the  exterior  case  surface.  This 
hard  finish  was  applied  over  a phosphate  primer  coat.  The  other  finish 
was  a 30  percent  Teflon  varnish.  In  addition,  several  other  surface 
preparations  were  utilized  at  the  beginning  of  the  test,  but  were  dis- 
carded after  testing  showed  them  to  be  unsatisfactory.  Additional 
description  of  the  surface  finishes  is  contained  in  AFATL-TR-77-5  3. 


PROPELLANT  LOAD 

Two  principal  propellant  loads  were  used.  The  normal  load  was 
approximately  178  grams  of  5 percent  deterred  propellant  and  yielded 
a 56,000-  to  60,000-pound  per  square  inch  chamber  pressure.  An 
excess  pressure  load  was  also  utilized  during  the  test  to  achieve  a worst 
case  condition  for  the  steel  case.  The  load  was  appproximately  159 
grams  of  2 percent  deterred  propellant  and  yielded  a 67,000-  to  70,000- 
pound  per  square  inch  chamber  pressure.  These  are  the  loads  for 
regular  and  excess  pressure  unless  otherwise  noted. 
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PHYSICAL  CHANGES  TO  CASE 


A number  of  changes  to  the  steel  case  was  tested  during  this  effort. 

Thickness  of  the  case  wall  (Figure  1)  was  increased  incrementally  until 
a case  showing  little  or  no  structural  degradation  was  tested.  The  taper 
of  the  wall  from  the  base  to  the  case  shoulder  was  varied  to  determine 
the  optimum  configuration.  Heat  treatments  were  altered  to  obtain  steel 
with  decreased  hardness,  which  would  reduce  case  cracking.  The  head 
to  datum  length,  the  distance  measured  from  the  base  or  head  of  the 
case  to  a reference  datum  diameter  on  the  case  shoulder,  was  varied  to 
determine  the  effect  on  reducing  case  stretching  or  cracking.  Different 
punches  were  used  to  alter  the  interior  case  contour  near  the  base  of 
the  case.  An  in-depth  description  of  the  changes  is  contained  in  AFATL- 
TR-78-138. 

1 


MANUFACTURING  PROCESS 


The  fabrication  method  for  the  thin  wall  steel  case  was  changed  from  < 

the  blank,  cup,  and  draw  process  using  plate  material  to  a rod,  extrude, 
and  draw  process  using  rod  material.  This  allowed  better  control  of 
dimensions  during  fabrication  and  a reduction  in  waste  of  raw  material. 

An  extensive  description  of  the  process  is  contained  in  AFATL-TR-78-1  38. 
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Figure  1.  Sectioned  cases  showing  (1)  standard  aluminum 
case,  (2)  steel  case  from  beginning  of  test  effort,  and  (3) 
steel  case  representative  of  those  tested  during  final  testing 


SECTION  III 


INSTRUMENTATION 


Instrumentation  at  the  initiation  of  the  test  was  set  up  to  determine 
gun  firing  rate,  relative  action  time,  hydraulic  pressure  and  flow,  pro- 
jectile velocity,  and  dispersion.  The  nature  of  the  test  changed  after 
failure  of  the  initial  cases  tested.  Some  of  the  existing  instrumentation 
was  not  germane  to  the  investigative  type  testing  that  was  to  follow  and 
thus  was  deleted.  Gun  firing  rate  was  the  only  parameter  monitored 
on  all  subsequent  firings. 


A magnetic  transducer  (Figure  2)  was  mounted  directly  on  the  gun 
just  forward  of  the  gun  housing.  Steel  rivets,  approximately  0.25  inch 
long,  were  mounted  on  each  barrel  such  that  they  would  pass  by  the 
transducer  as  the  barrels  rotated.  As  each  rivet  passed  the  transducer 
an  electrical  pulse  was  generated.  Firing  rate  was  determined  by  com- 
paring the  number  of  these  pulses  to  the  duration  of  the  burst. 


A closed  circuit  television  (CCTV)  camera  (Figure  3)  was  used  to 
monitor  gun  system  operation  during  burst  firings. 
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Figure  2.  View  of  (1)  gun  barrels  and  (2)  housing  on  prototype  GAU-8  gun, 
showing  (3)  steel  rivets  and  barrels  and  (4)  magnetic  transducer  housing 
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Figure  3.  View  of  prototype  GAU-8  gun  system,  showing  (1)  closed 
circuit  television  camera  and  (2)  blast  pressure  sensor  prior  to  its 
removal  for  subsequent  investigative  tests 


SECTION  IV 


PROCEDURES 


Due  to  the  investigative  nature  of  this  test,  the  number  of  test 
rounds  per  burst  was  limited  to  no  more  than  seven  rounds.  This  pre- 
cluded the  possibility  of  chambering  a round  in  a chamber  where  portions 
of  a previous  case  could  remain;  a situation  which  could  lead  to  a gun 
system  failure. 

In  addition,  testing  was  conducted  in  a sequence  where  the  least 
severe  test  was  completed  first,  followed  by  increasingly  more  severe 
tests.  Therefore,  normal  pressure  rounds  were  fired  before  excess 
pressure;  cold  (-65  °F)  conditioned  rounds  preceded  those  that  were  hot 
(160°F)  conditioned;  and  rounds  were  fired  at  low  rate  (2,100  shots  per 
minute)  before  high  rate  (4,200  shots  per  minute).  Similarly,  if  in 
previous  testing  a particular  surface  finish  or  case  design  proved  more 
successful  than  another,  the  more  successful  finish  or  design  was  fired 
first . 

Prior  to  loading  the  steel  case  rounds,  each  round  was  visually 
examined  for  marks,  dents,  or  ripples  on  the  case.  During  downloading 
each  round  was  closely  examined  for  cracks,  stretch  marks,  or  dents 
which  may  have  resulted  from  either  firing  the  round  or  handling. 

Steel  case  rounds  were  manually  cycled  in  the  gun  system  at  an 
extremely  low  rate  to  check  for  interference.  Steel  case  rounds  were 
then  cycled  at  low  and  high  rates.  Cases  were  inspected  after  each  of 
the  cyclings,  and  projectiles  were  pulled  from  the  cases  to  identify  any 
debulleting  problems.  Debulleting  was  accomplished  by  personnel  from 
the  Air  Force  Armament  Laboratory  (AFATL/DLDL). 

Selected  cases  were  temperature  conditioned  to  hot  (160 °F)  or 
cold  (-65  °F)  temperature  prior  to  being  fired.  Rounds  were  conditioned 
for  a nominal  48  hours  with  the  exception  of  those  in  Group  O.  For 
these  cases,  the  conditioning  time  was  reduced  to  approximately  16 
hours  after  it  was  determined  that  this  would  not  adversely  affect  or 
prejudice  test  conduct  and  results. 

If  rounds  had  been  conditioned  to  hot  or  cold  temperature,  they 
were  kept  in  insulated  containers  until  they  were  positioned  in  the  gun 
system.  After  the  rounds  were  positioned,  time  was  kept  to  a minimum 
prior  to  firing . 
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On  selected  tests  (Group  O),  standard  aluminum  case  rounds  which 
had  been  conditioned  to  -65  °F  were  positioned  and  fired.  Immediately 
following  this  firing,  test  rounds  were  positioned  and  fired  using  the  same 
chambers  which  had  been  cooled  by  the  standard  rounds.  The  cooled 
chambers  collected  a small  amount  of  condensation  between  firings. 

The  test  rounds  were  then  inserted  into,  fired,  and  extracted  from 
these  wet  chambers,  thereby  duplicating  a condition  which  in  previous 
testing  resulted  in  case  failures. 

A prototype  GAU-8  gun  (Figure  3)  was  used  to  fire  the  steel  case 
test  rounds.  The  gun  was  utilized  because  of  the  past  history  of  cracks 
with  the  steel  cases  and  the  associated  possibility  of  gun  damage. 

Cardboard  targets  were  set  up  downrange  from  the  gun  muzzle  to 
detect  projectile  yaws  and  excessive  dispersion. 
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SECTION  V 


TEST  RESULTS 


GENERAL 

A total  of  1,  041  steel  case  rounds  was  fired  during  this  test.  During 
testing,  the  steel  cartridge  case  was  observed  to  fail  in  a number  of  modes, 
depending  upon  internal  pressure,  surface  finish,  hardness  of  the  steel 
case,  thickness  and  taper  of  the  case  wall,  temperature  conditioning,  and 
firing  rate.  There  were  two  basic  modes  of  failure,  depending  upon  the 
above  factors.  First,  case  rupture  was  observed  to  occur.  Second,  the 
case  was  observed  to  stretch  near  the  base  of  the  case.  Therefore,  a 
major  portion  of  testing  was  oriented  toward  finding  an  optimum  finish, 
hardness,  and  geometry  for  the  steel  case  to  prevent  failure. 

Due  to  the  large  number  of  different  configurations  tested  during 
investigative  testing,  tests  of  these  steel  cases  will  not  be  considered  in 
answering  test  Objectives  3 and  4.  Results  of  these  investigative  tests  are 
presented  in  chronological  order  and  are  tabulated  in  part  in  Table  1. 

Following  these  investigative  tests,  four  final  case  designs  (Group  O) 
were  tested.  The  305  cases  tested  displayed  improved  performance  over 
most  of  the  previous  rounds.  These  results  are  tabulated  in  the  discussion 
of  the  Group  O configuration. 


EARLIER  CASE  CONFIGURATIONS 

GROUP  A.  Eighteen  steel  case  rounds  were  fired  at  the  initiation  of 
this  test  effort.  The  cases  weighed  approximately  0.37  pound  and  were 
covered  with  a 30  percent  Teflon  coating.  Case  failures  during  these 
firings  led  to  subsequent  investigative  tests. 

Two  steel  case  rounds  per  barrel  were  fired  at  low  rate.  Two  of  the 
14  rounds  misfired  due  to  a firing  pin  malfunction  resulting  in  light  strikes 
on  the  primers.  Each  steel  case  split  when  fired  at  low  rate  (Figure  4), 
One  round  was  fired  at  high  rate  to  confirm  that  the  problem  also  existed 
at  that  condition.  This  steel  case  round  was  almost  completely  severed. 
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High  L Ambient  Regular  steel  Regular  Mader  lacquer 

High  H Ambient  Regular  steel  Regular  Mader  lacquer 

High L Ambient  Regular  steel  Regular  Teflon 


Figure  4.  First  six  Cases  (Group  A)  of  14  fired  at 
low  rate  showing  (arrows)  circumferential  split 
approximately  1 5/8  inches  from  the  base 


After  examining  the  split  cases,  four  steel  case  rounds  were  coated 
with  light  oil  in  an  attempt  to  reduce  the  friction  forces  between  the  case 
and  chamber.  Two  rounds  were  fired  at  low  rate,  with  no  splitting  occur- 
ring. Subsequently,  one  oiled  round  and  one  dry  round  were  fired  at  high 
rate.  The  oiled  round  did  not  split  but  the  dry  round  did.  Another  oiled 
round  was  fired  at  high  rate  in  the  same  barrel  as  the  previous  dry  round. 
This  oiled  round  did  not  split. 

GROUP  B.  The  next  iteration  of  steel  case  rounds  investigated  was  of 
different  case  finish  materials.  Gun  oil  and  Fluoroglide  (see  AFATL-TR- 
77-53)  were  two  lubricants  applied  to  the  case  surfaces  in  this  group. 

Sixty  steel  case  rounds  were  fired. 
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Twenty- eight  steel  case  rounds  of  various  configurations  (Table  1) 
were  fired  singly.  Nineteen  rounds  cracked  or  split  (Figures  5,  6,  and  7) 
and  five  rounds  stretched.  Four  rounds  had  no  visible  structural  degrada- 
tion. Three  of  these  were  regular  steel  rounds  (Figure  6)  loaded  for  high 
chamber  pressure  and  coated  with  a thin  film  of  oil.  The  other  was  finish- 
ed with  Mader  lacquer  (Figure  7)  over  phosphate. 

Thirty-two  steel  case  rounds  were  fired  in  five  bursts.  The  steel  case 
rounds  in  each  burst  were  preceded  by  49  standard  aluminum  cased  rounds 
Eleven  steel  cases  split  or  cracked  and  four  stretched.  The  remaining  17 
rounds  had  no  visible  structural  degradation. 

GROUP  C.  Thirty-six  steel  case  rounds  of  varying  hardness  and 
different  finish  coats  were  fired  in  eight  bursts  at  low  and  high  rate. 

Six  reduced  hardness  cases  with  Teflon  finish  were  fired  at  low  and 
high  rates  (three  at  each  rate).  One  of  the  cases  split  when  fired  at  high 
rate.  The  other  five  showed  no  degradation. 

Twenty  rounds  (10  each  at  regular  and  reduced  hardness)  finished 
with  Mader  lacquer  were  fired  in  four  bursts.  Two  split,  four  cracked, 
eight  stretched,  and  six  showed  no  degradation. 

Ten  rounds  with  black  lacquer  were  fired  (three  at  low  rate,  seven  at 
high  rate)  in  two  bursts.  Four  showed  no  degradation,  one  cracked,  and 
five  stretched. 

GROUP  D.  Fifty-six  steel  cases  with  Mader  lacquer  finish  were  fired 
in  nine  bursts.  Eighteen  cases  (regular  hardness)  fired  during  the  first 
three  bursts  showed  no  structural  degradation.  Two  rounds  failed  to  fire 
because  the  primers  were  set  too  deep.  Twenty-one  rounds  (reduced 
hardness,  regular  pressure)  were  fired  at  low  (eight  rounds)  and  high  (13 
rounds)  rate  with  no  evidence  of  structural  degradation.  One  round  mis- 
fired. Thirteen  rounds  (reduced  hardness,  high  pressure)  were  fired  at 
low  (six  rounds)  and  high  (seven  rounds)  rate.  All  cases  stretched  near 
the  base  (Figure  8).  One  round  misfired. 

i 

GROUP  E.  Twenty-eight  steel  case  rounds  with  Mader  lacquer  finish 
were  fired  in  four  bursts  of  seven.  Of  seven  rounds  with  reduced  hardness 
' fired  at  low  rate,  five  cracked  and  two  stretched.  Of  seven  rounds  with 

reduced  hardness  fired  at  high  rate,  all  seven  stretched.  All  seven  rounds 
with  regular  hardness  fired  at  low  rate  cracked,  while  four  of  the  same 
, ' rounds  fired  at  high  rate  stretched,  and  the  remaining  thr< e cracked. 
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Figure  5.  Two  steel  cases  from  Group  B showing  (1)  crack  in 
regular  stee]  case  fired  at  low  rate  and  case  coated  with  100 
percent  Teflon  with  (2)  flaking  of  case  coating  and  (3)  crack 


[ 
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Figure  6.  Three  steel  case  rounds  from  Group  B loaded  for  high  pressure  and  one  reduced 
hardness  steel  case  with  30  percent  Teflon  over  phosphate  showing  crack  (arrow) 


Figure  7.  Four  cases  from  Group  B showing  (1)  cracks  in 
cases  coated  with  30  percent  Teflon  over  zinc  plate  and  (2) 
stretch  in  a case  coated  with  Mader  lacquer  over  phosphate 


Figure  8.  Typical  Group  D Mader  lacquer 
finished  case  which  was  loaded  for  high  pres- 
sure, showing  stretch  near  base  (arrow) 


GROUP  F.  Ninety- eight  steel  case  rounds  with  Mader  lacquer  finish 
were  fired  at  ambient  temperature  and  after  temperature  conditioning.  All 
rounds  were  loaded  for  regular  pressure.  The  first  10  bursts  had  7 rounds 
per  burst,  and  the  last  two  bursts  contained  14  rounds  each.  Twenty-eight 
rounds  were  fired  after  cold  (-65°F)  conditioning  at  low  and  high  rate  (14 
rounds  at  each  rate).  No  structural  degradation  was  noted. 

Four  of  seven  ambient  temperature  rounds  fired  at  low  rate  stretched. 
Two  of  seven  ambient  temperature  rounds  fired  at  high  rate  stretched. 

Fourteen  cases  were  fired  at  low  rate  after  hot  (160°F)  conditioning. 
Four  stretched  and  two  cracked. 


Fourteen  cases  were  fired  at  high  rate  after  hot  (160°F)  conditioning. 
Seven  stretched  and  three  cracked.  Two  of  14  ambient  cases  stretched  and 
and  1 cracked  during  a burst  firing  at  low  rate.  The  first  7 of  14  ambient 
temperature  cases  cracked  during  a burst  firing  at  high  rate. 

GROUP  G.  Seven  steel  case  rounds  sprayed  with  a thin  film  of  sili- 
cone2 were  fired  at  low  rate.  Six  cases  cracked  and  one  stretched.  Add- 
itional rounds  were  not  fired  due  to  the  results  of  the  first  burst. 

GROUP  H.  Thirty-five  steel  case  rounds  were  fired  in  five  bursts  of 
seven  rounds  each.  The  variable  was  wall  thickness.  All  cases  had  a 
Mader  lacquer  finish. 

Burst  1.  This  burst  was  fired  at  low  rate  [1,  800  shots  per  minute 
(SPM)  ].  Wall  thickness  was  0.002  inch  greater  than  regular  test  rounds. 
Two  of  seven  rounds  fired  showed  visible  stretch  marks  on  the  cases. 

Burst  2.  The  wall  thickness  was  0.008  inch  greater  than  that  of  the 
original  test  rounds.  All  cases  were  in  satisfactory  condition  after  being 
fired  at  low  rate  (2,  000  SPM). 

Burst  3.  Six  of  seven  rounds  fired  during  this  burst  had  satisfactory 
cases.  The  other  round  was  a misfire.  The  cases  were  0.008  inch  thicker 
than  original  test  rounds  and  were  fired  at  low  rate  (1,  400  SPM). 

Burst  4.  All  cases  were  in  satisfactory  condition  after  this  burst. 

The  cases  were  0.002  inch  thicker  than  those  of  original  test  rounds  and 
were  fired  at  low  rate  (2,  200  SPM). 

Burst  5.  The  last  burst  of  seven  rounds  was  at  high  rate  (3,200  SPM). 
The  cases  were  0.002  inch  thicker  than  the  original  test  rounds.  No  cases 
failed. 

GROUP  1.  During  the  next  series  of  testing,  22  rounds  were  fired. 

The  case  wall  thickness  was  increased  0.008  inch  in  the  critical  area  (1.6 
inches  from  the  base  of  the  case)  for  these  rounds.  Rounds  were  fired  in 
three  bursts  of  seven  rounds  with  the  remaining  round  fired  singly. 

One  round  from  the  second  burst  showed  some  flaking  of  the  lacquer 
near  the  case  mouth  and  neck.  No  stretch  marks  or  cracks  were  noted. 


2 AFAT L-TR-77-53. 
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GROUP  J.  Sixty-three  rounds  [28  each,  Mader  lacquer  with  and  with- 
out surface  preparation  (blasting  with  glass  beads  to  remove  surface 
imperfections),  and  7 with  Teflon  coating]  were  fired  during  the  next 
series  of  testing.  Rounds  were  fired  in  seven-round  bursts  in  accordance 
with  the  schedule  in  Table  1.  Inspection  of  rounds  after  the  first  two 
bursts  revealed  no  discrepancies.  All  of  the  Teflon  case  rounds  fired 
during  the  third  burst  failed.  One  round  stretched,  five  rounds  cracked, 
and  one  round  separated  (Figures  9 an d 10).  All  rounds  in  the  remaining 
bursts  had  good  cases  except  one  case  in  the  seventh  burst,  which  had  a 
stretch  mark. 

GROUP  K.  One  hundred  seventy -five  rounds  were  tested  during  this 
series  of  tests.  Due  to  the  expected  success  of  these  cases,  debullet 
pull  force  was  determined  before  firing  these  rounds.  As  a result  of  the 
low  debullet  pull  forces  (Table  2)  recorded  after  cycling  the  rounds,  no 
high  rate  firings  were  conducted.  The  principal  change  to  the  cases  since 
the  last  tests  conducted  included  tempering  the  steel  at  a different  tempera- 
ture, resulting  in  a reduced  hardness. 

During  the  cycle  and  debullet  pull  test,  four  sets  of  seven  rounds  each 
were  cycled.  Rounds  making  up  the  first  set  all  had  wrinkles  in  the  necks, 
but  good  crimps.  Projectile  pull  was  recorded  and  is  reported  in  Table  2. 

Rounds  from  the  second  set  had  slight  dents  in  the  case  shoulder  and 
one  projectile  was  loose  (could  be  rotated  in  case). 

Slight  shoulder  dents  were  again  noted  in  cases  from  the  third  set  of 
rounds.  Four  of  seven  rounds  had  projectiles  which  could  be  rotated  in 
the  case. 

All  cases  cycled  in  the  fourth  set  of  rounds  had  dents  in  the  shoulder. 
One  case  had  a severe  shoulder  dent.  Six  projectiles  were  loose  to  the 
extent  that  they  could  be  rotated  in  the  case. 

The  first  burst  of  seven  rounds  resulted  in  two  radial  cracks  and  five 
stretched  cases.  All  stretches  and  cracks  occurred  at  approximately  2.  1 
inches  from  the  base  of  the  case  (Figure  11). 

The  second  seven-round  burst  again  revealed  structural  failures  at 
the  same  point  above  the  base.  Five  cases  cracked  and  two  stretched. 
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Figure  9.  Teflon  coated  steel  case  from 
burst  3 of  Group  J showing  crack  (arrow) 


* 


Figure  10.  Teflon  coated  steel  case  from 
burst  3 of  Group  J showing  case  separation 


26 


i 


Table  2.  Recorded  debullet  pull  forces 
from  cycled  rounds  from  Group  K 


Round  no. 

Round  no. 

Pulla 

WmSSMm 

(lfb) 

1 

1,480 

15 

1,625 

2 

1,775 

16 

1 , 575 

3 

1,475 

17 

1 , 500 

4 

1,650 

18 

1,675 

5 

2,025 

19 

1 , 700 

6 

1,475 

20 

1 , 700 

7 

1,650 

21 

1,375 

8 

1,825 

22 

1 , 735 

9 

1,775 

23 

1 , 540 

10 

1,425 

24 

1,230 

11 

1,900 

25 

1 , 625 

12 

1,475 

26 

1 ,675 

13 

1,350 

27 

1,475 

14 

1,400 

28 

1 , 600 

“The  specified  minimum  pull  force  is  1,900  pounds. 

Note:  Data  obtained  from  Air  Force  Armament 

Laboratory  (AFATL/DLDL) 

The  next  two  bursts  of  seven  rounds  were  coated  with  a thin  film  of 
gun  oil3  prior  to  firing.  No  stretches  or  cracks  were  noted  on  any  of  the 
cases . 

Following  these  bursts,  the  barrels  were  changed  because  of  safety 
considerations.  Projectile  yaws  of  up  to  90  degrees  occurred  using  the 
old  barrels. 

Forty-two  regular  pressure  rounds  were  fired  in  bursts  of  seven 
each.  Bursts  were  fired  as  quickly  as  possible  to  maximize  barrel 
heating.  Cases  were  inspected  in  the  gun  chuting  between  bursts.  The 


3 Lubricating  oil,  general  purpose  (weapons  oil,  light),  VV-L-800a, 
FSN  9150-00-231-6689. 


final  seven  rounds  were  returned  after  inspection  to  the  hot  gun  chambers 
for  a 10-minute  soak  period  at  existing  chamber  temperature.  The 
chamber  temperature  had  no  visible  effect  on  the  case  finish.  Of  the  42 
rounds  fired,  11  showed  evidence  of  stretching  and  1 was  cracked.  The 
remaining  cases  revealed  no  defects  other  than  normal  handling  marks. 

Twenty-eight  rounds  were  fired  after  cold  conditioning  at  -65  °F  for 
48  hours.  Firing  was  in  seven-round  bursts  separated  by  minimal  time 
required  for  case  inspection.  Two  cases  split  lengthwise  from  the  case 
mouth  (Figure  12).  All  other  cases  were  in  satisfactory  condition. 

Twenty-eight  rounds  were  hot  conditioned  at  160  °F  for  48  hours. 
These  were  fired  in  bursts  of  seven  rounds  and  downloaded  after  each 
burst.  Of  the  cases  tested,  8 were  cracked  and  20  were  stretched. 

Twenty-one  high  pressure  ambient  temperature  rounds  were  fired 
in  seven-round  bursts.  Cases  were  downloaded  following  each  burst. 
Fourteen  cases  were  cracked  and  seven  were  stretched. 

GROUP  L.  Sixty-one  steel  case  rounds  with  Mader  lacquer  finish 
were  fired  in  bursts  of  seven  (or  six)  rounds  at  low  rate.  Variables 
between  cases  (Table  1)  included  high  or  regular  pressure,  long  or  short 
head  to  datum  lengths,  and  use  of  a new  or  old  punch  in  making  the  cases. 
Of  the  rounds  fired  in  the  first  six  bursts,  all  cracked  except  five  which 
stretched  (one  in  burst  5 and  four  in  burst  6).  During  burst  7,  two  cases 
separated  (jamming  the  gun),  three  stretched,  and  two  cracked.  All 
seven  rounds  in  burst  8 stretched.  The  cases  in  burst  9 were  aluminum 
control  rounds  which  neither  stretched  nor  cracked.  A case  rupture 
during  burst  10  resulted  in  a gun  stoppage. 

GROUP  M.  A total  of  42  steel  case  rounds  with  Mader  lacquer  (35 
cases)  and  DeBeers  Teflon  (7  cases)  finishes  was  loaded  for  high  or 
regular  pressure  and  fired  at  low  or  high  rate  (Table  1).  All  cases  were 
in  satisfactory  condition. 

GROUP  N.  A total  of  35  steel  case  rounds  with  Mader  lacquer  (14 
cases)  and  DeBeers  Teflon  (21  cases)  was  fired  at  low  and  high  rate 
after  cold  (-65°F)  and  hot  (160°F)  conditioning.  The  first  four  bursts 
were  fired  satisfactorily.  A case  separation  during  the  fifth  burst  (hot, 
Teflon,  at  low  rate)  resulted  in  a gun  stoppage. 
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figure  12.  Two  Mader  lacquer  finished  steel  cuses 
from  Group  K showing  lengthwise  splits  (arrows) 
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FINAL  STAGE  CONFIGURATION 


GROUP  O.  The  final  iteration  of  steel  cases  encompassed  a number 
of  different  variables  including  two  different  surface  finishes,  different 
case  wall  thicknesses,  and  two  propellant  loads.  Results  of  the  305 
cases  tested  are  summarized  in  Table  3. 

Dry  Chamber  Tests.  Two  hundred  fifty-eight  steel  case  rounds 
were  fired  during  tests  using  dry  chambers.  Of  these,  168  contained  a 
propellant  load  determined  to  yield  a normal  (approximately  60,000- 
pound  per  square  inch)  chamber  pressure.  During  low  rate  firings,  42 
ambient  rounds  (7  each  of  three  different  designs  with  both  lacquer  and 
Teflon  finishes)  were  fired  in  seven-round  bursts.  All  cases  were  in 
satisfactory  condition. 

Another  42  rounds  of  identical  configuration  were  fired  after  being 
temperature  conditioned  at  -65rjF.  All  cases  were  in  satisfactory  condi- 
tion. 


The  remaining  84  rounds  with  a normal  propellant  load  were  tem- 
perature conditioned  to  160  °F.  The  first  42  were  fired  at  low  rate. 
Fourteen  of  these  were  of  case  Design  A4  (7  each  with  lacquer  and  Teflon 
finishes)  and  all  cases  were  in  satisfactory  condition.  Seven  rounds  of 
case  Design  Bs  with  lacquer  finish  were  fired.  Two  of  these  revealed 
slight  stretch  marks.  Six  of  seven  of  the  same  case  design  with  Teflon 
finish  had  slight  stretches. 

Fourteen  rounds  of  case  Design  C6  (7  each  finished  with  lacquer  and 
Teflon)  were  fired,  with  all  14  showing  stretches.  It  should  be  noted 
that  the  seven  lacquer  finished  rounds  were  fired  after  seven  cold  condi- 
tioned rounds,  resulting  in  possible  wet  chambers  (see  Section  IV).  This 
could  have  contributed  to  the  stretching. 

The  remaining  42  hot  temperature  conditioned  rounds  were  fired  at 
high  rate  (4,200  SPM).  Fourteen  rounds  of  case  Design  A (7  each 
finished  with  lacquer  or  Teflon)  were  fired,  after  which  none  of  the 
lacquer  finished  rounds  showed  signs  of  stretch.  Three  of  the  seven 


4 AFATL-TR-78-1  38 

5 Ibid 

6 Ibid 
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Teflon  finished  rounds  had  light  stretches.  The  other  28  rounds  were 
of  case  Designs  B and  C.  Each  design  had  seven  lacquer  and  seven 
Teflon  finished  cases.  All  28  exhibited  slight  stretches  after  the  rounds 
were  fired. 

The  remaining  90  rounds  which  were  fired  from  dry  chambers  were 
loaded  to  achieve  excess  pressure  (approximately  70,000  pounds  per 
square  inch)  when  fired.  Thirty-four  of  these  were  at  ambient  tempera- 
ture and  were  fired  at  low  rate.  The  14  rounds  with  case  Design  A 
(seven  lacquer  and  seven  Teflon  finished  cases)  were  satisfactory.  Of 
the  rounds  having  case  Design  B,  the  three  with  a lacquer  finish  were 
satisfactory,  while  two  of  the  three  with  a Teflon  finish  showed  light 
stretches.  Of  the  rounds  having  case  Design  C,  two  of  seven  rounds 
with  lacquer  finish  had  light  stretches,  while  all  seven  rounds  with  Teflon 
finish  showed  light  stretches. 

Forty-two  of  the  ambient,  excess  pressure  rounds  were  fired  at 
high  rate.  Of  the  14  rounds  fired  with  case  Design  A (seven  lacquer  and 
seven  Teflon  finished  cases),  one  Teflon  case  showed  a light  stretch. 

Of  the  14  rounds  fired  having  case  Design  B (seven  lacquer  and  seven 
Teflon  finished  cases),  light  stretches  were  noted  on  two  of  the  lacquer 
cases  and  six  of  the  Teflon  cases.  Of  the  remaining  rounds  having  case 
Design  C (seven  lacquer  and  seven  Teflon  finished  cases),  light  stretches 
were  noted  on  three  lacquer  and  five  Teflon  cases. 

The  remaining  rounds  of  the  258  fired  in  dry  chambers  were  ambient 
rounds  which  were  loaded  for  excess  pressure.  These  14  rounds  had 
case  Design  D7  and  were  fired  at  low  rate.  Two  of  the  seven  cases  with 
a lacquer  finish  and  one  of  the  seven  cases  with  Teflon  finish  had  stretches. 

Wet  Chamber  Tests.  Forty-seven  test  rounds  were  fired  during 
wet  chamber  tests  (as  described  in  Section  IV).  All  rounds  were  loaded 
to  achieve  excess  chamber  pressures  (68,000  to  70,000  pounds  per  square 
inch)  and  were  fired  at  ambient  temperature  and  at  low  rate. 

Of  the  12  rounds  fired  having  case  Design  A (six  lacquer  and  six 
Teflon  finished  cases),  light  stretches  were  noted  on  three  of  the  lacquer 


7 These  were  0.45  lb  cases  similar  to  those  fired  in  previous  groups. 
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cases  and  five  of  the  Teflon  cases.  Of  the  12  rounds  fired  having  case 
Design  B (six  lacquer  and  six  Teflon  finished  cases),  four  lacquer  cases 
had  obvious  stretches  and  the  other  two  had  light  stretches.  All  six 
Teflon  finished  cases  had  light  stretches  (Figure  13).  Of  the  11  rounds 
fired  having  case  Design  C (six  lacquer  and  five  Teflon  finished  cases), 
four  lacquer  cases  had  light  stretches  and  the  other  two  were  unstretched. 
Three  of  the  cases  with  Teflon  finish  had  obvious  stretches  and  the 
remaining  two  were  lightly  stretched.  Of  the  12  rounds  fired  having 
case  Design  D (six  lacquer  and  six  Teflon  finished  cases),  two  lacquer 
cases  and  two  Teflon  cases  had  light  stretches. 

Visual  inspection  of  Table  3 reveals  that  all  42  steel  cases  having 
case  Design  A and  a surface  finish  of  Mader  lacquer  performed  satis- 
factorily during  dry  chamber  tests.  Three  of  six  cases  showed  stretches 
during  wet  chamber  tests.  The  next  best  group  of  cases  were  of  the 
same  design,  but  had  a Teflon  surface  finish. 
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SECTION  VI 


SUMMARY  OF  FINDINGS 


A total  of  1,041  steel  case  rounds  were  fired  during  this  test  effort. 
The  final  305  of  these  rounds  represent  the  final  configurations  tested 
and  were  used  to  answer  test  Objectives  3 and  4. 

1 . Steel  case  rounds  were  cycled  in  a preproduction  GAU-8  gun 
system  with  no  interference  or  compatibility  problems.  Handling  marks 
on  the  cases  were  normal. 

2.  A total  of  seven  steel  case  rounds  were  fired  in,  extracted  from, 
and  rechambered  in  hot  barrels.  Chamber  temperature  had  no  visible 
effect  on  the  case  finish  (Group  K) . 

3.  A total  of  179  steel  case  rounds  from  Group  O were  fired  in 
bursts  of  up  to  seven  rounds  at  ambient  temperature.  Of  these,  21 
rounds  of  case  Design  A having  a Mader  lacquer  finish  performed  satis- 
factorily during  tests  with  dry  chambers.  Results  are  tabulated  in 
Table  3. 

4.  A total  of  126  steel  case  rounds  from  Group  O were  fired  in 
bursts  of  up  to  seven  rounds  after  hot  (160°F)  and  cold  (-65°F)  tempera- 
ture conditioning.  Twenty-one  rounds  having  case  Design  A and  a Mader 
lacquer  finish  were  fired  with  no  cracks  or  stretches.  Results  are 
tabulated  in  Table  3. 


(The  reverse  of  this  page  is  blank.) 
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APPENDIX 

METRIC  CONVERSION  FACTORS 


This  appendix  presents  conversion  factors  to  convert  from  units 
customarily  used  in  the  United  States  to  metric  units.  This  information 
was  extracted  from  Pamphlet  E380-76,  American  Society  for  Testing 
and  Materials  (ASTM),  19  January  1976,  which  was  approved  19  January 
1976  for  use  within  the  Department  of  Defense. 

Multiply  by 


3.048  000  E-01 
4. 444  222  E-00 
4.535  924  E-01 
2.540  000  E-02 


To  convert  from 


Foot  (ft) 

Pound  force  (lbf) 
Pound  (lb) 

Inch  (in. ) 


To 


Meter  (m) 
Newton  (N) 
Kilogram  (kg) 
Meter  (m) 


(The  reverse  of  this  page  is  blank.) 


DISTRIBUTION  LIST 


Hq  USAF 
Wash  DC  20330 

LEYW  1 

RDORM  2 

XOOSLB  1 

SAMI  1 

XOODE  1 

AFIS/INTA  1 

Defense  Intel  Agcy/DB-4C3  1 

Wash  DC  20301 


AFSC 

Andrews  AFB  DC  20334 

TEV  1 

SDZ  1 

W right-Patterson  AFB  OH  45433 
AFLC 

MMWM  1 

MMEA  1 

FTD/PDXA  1 

ASD/ENESH  1 

TAC 

Langley  AFB  VA  23665 

LGW  1 

DOO  1 

INA  1 

SAC 

Offutt  AFB  NE  68113 

DOOV  1 

INTW  1 

LGW  1 

Dir  Aerospace  Safety  1 

Hq  USAF/IGD  (SEV) 

Norton  AFB  CA  92409 


San  Antonio  ALC/MMSRE  1 

Kelly  AFB  TX  78241 

AUL/LSE-69-234  1 

Maxwell  AFB  AL  36112 

Nellis  AFB  NV  89191 

usaftfwc/te  1 

57  Ftr  Wpns  Wg  1 

DOSV  Ftr  Wpns  Sch 

Ogden  ALC/MMW RAS  . 1 

Hill  AFB  UT  84406 

Intel  Cen  Pacific/lPAC  1-32  1 

Box  38 

Camp  H.  M.  Smith  HI  96861 

Sacramento  ALC/MMSR  1 

McClellan  AFB  CA  95652 

Hq  AFEWC/EST  2 

San  Antonio  TX  78243 

Oklahoma  City  ALC/MMS  1 

Tinker  AFB  OK  73145 

USAFSAAS/TTOR  2 

Lowry  AFB  CO  80230 

23  TFW/DOW  1 

England  AFB  LA  71301 

474  TFW/Wpns/Tac  Div  1 

Mt  Home  AFB  ID  83648 

9 AF/DOOF  1 

Shaw  AFB  SC  29152 
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Picatinny  Arsenal 
SARPA-TS-S  59 
Dover  NJ  07801 


DISTRIBUTION  LIST  (Concluded) 


USA  Foreign  Sci  & Tech  Cen 

1 

Hq  PACAF 

Attn:  DRXST-CA3 

Hickam  AFB  HI  96853 

220  7th  St  NE 

DOOF 

Charlottesville  VA  22901 

OA 

Redstone  Sci  Info  Ctr 

2 

USAFE/DOO 

USA  Msl  Cmd/Ch  Doc  Sec 
Redstone  Arsenal  AL  35809 

APO  NY  09012 

13  AF/LGW 

USN  Sch  EOD/CMCO  Code  N12 
Indian  Head  MD  20640 

1 

APO  SF  96274 

NWC  Code  533/Tech  Lib 

Naval  Sur  Wpns  Cen 

Tech  Lib  & Info  Ser  Div 

1 

China  Lake  CA  93555 

White  Oak,  Silver  Spring  MD 

314  AD/INT 

20910 

APO  SF  96301 

USA  Ord  Cen  & Sch 

1 

Eglin  AFB  FL  32542 

Attn:  ATSL-CTD-MS 

ADTC 

Aberdeen  Proving  Gnd  MD  21005 

DLODL 

3201  ABG/HO 

DDC 

2 

3246  TESTW/TEO 

Cameron  Station 

3246  TESTW/TETF 

Alexandria  VA  22314 

3246  TESTW/DLDG 

CINCAD/DOV 

1 

USAFTAWC 

TXA 

Ent  AFB  CO  80912 

TVW 

AFWL/SUL  (Tech  Lib) 

Kirtland  AFB  NM  87117 

1 

475  Test  Sq/TEJ 

Tyndall  AFB  FL  32401 

1 

Eglin  AFB  Aux  Fid  9 FL  32544 

1st  Spec  Oper  Wg/DOW 

1 

AGOS/DO 

1 

5 AF/LGWO 

APO  SF  96328 

1 

